In 2004 graphene 1 joined the family of synthetic carbon allotropes as its youngest member. 2 This 2D form of carbon is currently at the forefront of nanoscience due to its outstanding and unprecedented materials properties. 3, 4 A fundamental aim of carbon allotrope research is and has been the direct covalent functionalization [5] [6] [7] [8] [9] [10] [11] [12] of the carbon framework. Generally, chemical functionalization can improve the solubility and processibility, 13 can modify the characteristic electronic and physical properties, 14, 15 and allows for the combination of graphene properties with those of other compound classes. 16 We have recently established a variety of covalent functionalization protocols [17] [18] [19] [20] to access functionalized graphene in a top-down approach starting from graphite. 21 As there are many graphite sources available which can have quite different physical and morphological properties 22 we became interested in whether they also exhibit different behavior with respect to the chemical reactivity.
Our survey is based on a basal plane alkylation 18 scenario employing the Na/K alloy as a reducing agent (Scheme 1). Treatment of graphite with electropositive metals, such as potassium, is accompanied by reduction and yields the so-called graphite intercalation compounds (GICs). 23 Solvent driven exfoliation of the stacked crystals provides counter ion stabilized and reductively activated graphene sheets in solution. These graphenide 24 solutions can be subsequently trapped by electrophiles.
In the present study we focused on three different types of graphite (see Fig. 1 and Tables S1 and S2, ESI †): (a) G(flake) -a flake graphite with a particle size of 18 mm and a low intrinsic density of defects (I D /I G B 0.2), which is regularly stacked in contrast to powder graphite; (b) G(powder) -a powder graphite with a small particle size of 3-5 mm and some intrinsic disorder (I D /I G B 0.3) and (c) G(spherical) -a spherical, defect-rich graphite (I D /I G B 0.4), with a grain size of about 20 mm.
As a result of the morphological differences, the starting materials also vary in their bulk density (Fig. 1D) . Specifically, G(powder) exhibits Scheme 1 Reductive exfoliation of graphite in 1,2-dimethoxyethane (DME) and subsequent addition of n-dodecyl iodide (prototype reaction) leading to alkylated graphene. the lowest bulk density in comparison to G(flake) and G(spherical).
The in-depth characterization of all materials has been carried out by statistical Raman microscopy (SRM) 20 and thermal gravimetric analysis. In general, in Raman spectroscopy the I D /I G -ratio can be taken as a measure for the amount of lattice anchor points introduced by the covalent functionalization sequence. The shape and the full width at half maximum (FWHM) of the characteristic 2D-band can be used to evaluate the graphene layers present. However, to ensure comparability of results, obtained from different samples, care has to be taken with respect to the statistical spread of the data. In particular, we found that bulk characterization of graphene is only reasonable by the application of a statistical analysis of the Raman data set. 20 For this approach at least 10 000 Raman spectra, obtained from a 10 000 mm This analysis clearly shows that powder graphite represents a starting material which yields the highest degree of functionalization -(I D /I G ) average = 3.1, corresponding to a mean inter-defect distance of approximately 5 nm. 20 This translates to about one addend per 850 framework C-atoms. The same analysis for the other two types of graphite together with the respective electrical characterization is given in the ESI, † Tables S3 and S4 . It should be emphasized that in the case of C 12 H 25 -G(powder) and C 12 H 25 -G(spherical) (Fig. S4, ESI †) , respectively, is observed (Fig. 4, right) . These values are normally obtained for individualized monolayer graphene. In our case, the functionalized material was measured as a graphenopaper. In principle, during filtration of the functionalized graphene the respective individualized layers could re-aggregate. However, Raman spectra clearly show that exfoliated graphene layers are present, which is possible due to the addition of alkyl chains. The efficiency of the addend induced exfoliation depends on the number of C-atoms of the alkyl chain. In a series of n-(C n H 2n+1 )-G(powder) (n = 1-4, 6, 12, and 18) this trend becomes clearly evident (Fig. 3 , also cf. ESI, † Fig. S5 ). In the case of n = 12 (dodecyl) and n = 18 (octadecyl) we observed the smallest FWHM of the 2D-band with 37 cm À1 .
In Fig. 4 (left) the distribution of the 2D-band widths is depicted as FWHM 2D histograms. For C 12 H 25 -G(spherical), a slightly broader histogram can be determined, compared to the very narrow distribution of C 12 H 25 -G(powder). The very broad distribution in the case of the functionalized flake graphite (Fig. S6, ESI †) is indicative of a partial exfoliation of the starting material and did not permit a valid statistical analysis. This may be explained by the larger particle size of G(flake), which correlates with a higher intrinsic lattice energy, preventing an efficient exfoliation of the respective GIC.
For the determination of the nature of the covalently bonded addends mass spectrometric thermal gravimetric analysis (TGA/MS) was carried out (Fig. 5 ). Here, C 12 H 25 -G(powder) (blue trace) revealed the highest mass loss (À33.9%) in comparison to flake (À21.9%) and spherical graphite (À30.1%), respectively. Under the assumption that the total mass loss arises from the dodecyl addends, the degree of functionalization can be calculated to be 2.0% (C 12 H 25 -G(flake)), 3.6% (C 12 H 25 -G(powder)) and 3.1% (C 12 H 25 -G(spherical) ), respectively. The amount of mass loss correlates with the Raman results. Thermal decomposition of the sample leads to the formation of volatile fragments, which are analyzed by mass spectrometry. Mainly, the detection of different alkyl-fragments, like the mass fragments m/z 85, 71, 57 and 43, is in line with a successful functionalization sequence.
For further characterization of the dodecyl functionalized material, infrared spectroscopy was also used. Convincing spectral information from the highly absorbing materials could only be obtained in transmission mode after dilution of the samples with potassium bromide from which pellets were produced for further analysis. Every functionalized sample clearly exhibits aliphatic C-H stretching vibrations, which is interpreted as indication of a successful alkylation (see Fig. S7, ESI †) .
Also, the absorbance features of these carbon materials were analyzed by UV/vis spectroscopy. A suitable organic solvent providing high transmission into the UV range was found to be isopropanol, which in turn was used as a dispersing agent for the functionalized material (see Fig. S8 , ESI †). The graphene samples were dispersed using an ultrasonication bath and left to sediment overnight to obtain clear solutions. All three types of graphite performed differently with respect to the level of absorbance (see Fig. S9 , ESI †). The extinction coefficient of 24.6 mL mg À1 cm À1 at l = 660 nm for dispersed graphene in solution determined by Hernandez et al. 25 was used to estimate the concentrations of the different samples, which vary from 3.00 mg mL À1 for C 12 H 25 -G(flake), 20.17 mg mL À1 for C 12 H 25 -G(powder) to 6.06 mg mL À1 for C 12 H 25 -G(spherical) (Fig. S9F and G, ESI †). Therefore, the functionalized powder graphite is, by far, more soluble than the functionalized flake and spherical graphite.
To summarize, the chemical reactivity of graphite with respect to covalent functionalization strongly depends on the nature and in particular the morphology of the starting material. This was demonstrated by the generation of reductively alkylated graphene as a model reaction for the chemical functionalization of three different graphites. A detailed characterization of the reaction product in particular by statistical Raman microscopy (SRM) revealed significant differences with respect to the degree of functionalization, exfoliation efficiency and product homogeneity. Interestingly, the Raman spectra of dodecyl functionalized graphene samples, measured as a graphenopaper, clearly revealed a complete exfoliation and individualization of the graphene sheets and hence stabilization even in the solid state.
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